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ABSTRACT 

Safety  regulations  require  a  safe  separation  distance  between  ammunition 
items  to  prevent  propagation  betw^n  buildings  or  between  bays  vAien 
conveyors  are  lased  to  transport  such  items.  Establishing  such  a  distance 
usually  requires  testing  to  obtain  the  50  sairples  necessary  for 
statistically  acceptable  data.  This  paper  presents  the  rationale  used  to 
avoid  testing  the  new  generation  M821E1/M889E1  81ram  mortars  by  conparing  the 
velocities,  and  fragment  weights  from  arena  tests,  configurations,  and 
projectile  physical  paraiteters  with  the  older  M374  Series  81rnm  mortar.  The 
M374  mortar  was  extensively  tested  in  several  configurations  and  use  of  the 
new  Slitim  mortar  safe  separation  distance  data  established  by  this  analogy 
allows  production  of  the  new  mortar  on  existing  production  lines  without 
conducting  testing  and  expending  costly  items. 
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SAFE  SEPARATIO!!  DISTANCE  OF  Slram  lORIAE^ 
BY  ANAIDGY  TO  THE  M374  SERIES  TESTING 


BACKGROUND  __ 

Ammunition  and  explosive  items,  or  grotps  of  items  that  are  transported 
from  one  operating  building  to  another,  or  from  bay  to  bay  within  an 
operating  building  shall  be  separated  to  preclude  the  establishment  of  a 
path  for  the  propagation  of  an  eiplosion  or  fire  between  the  buildings  or 
bays.  This  requirement  is  iitposed  by  the  Amy  Material  Ccanmand  regulatican 
AMC-R  385-100.  A  minimum  spacing  of  intraline  distance  is  to  be  used  unless 
statistically  acc^jtable  testing  is  conducted  to  show  that  the  non- 
prcpagation  distanoe  is  less  than  intraline  distanoe. 

An  extensive  series  of  tests  was  conducted  in  the  1970's  and  1980's  to 
determine  this  reduced  non-prcpagation  distance  for  numerous  ammunition 
items,  bulk  explosives  and  explosive  ccasponents.  These  tests  were  conducted 
under  Manufacturing  Methods  and  Technology  (MMT)  Projects  57X4201,  57X4288 
and  58X4288,  for  the  Project  Manager  for  Munitions  Production  Base 
Modernization  and  E>pansian  as  peurt  of  their  tory-wide  facility 
modemizatiCTi  program. 

Usier  the  above  programs  testing  was  conducted  to  determine  the  minimum 
safe  separation  distance  of  81mm  HE  mortar  rounds  in  various  configurations. 
These  ^results  were  approved  by  the  AMD  Field  Safety  Activity  and  applied  at 
both  Kanscis  and  Milan  Amy  AnurunitiOTi  Plants.  The  items  tested  were  the 
M374  HE  Cartridge,  M374A1  HE  Projectile,  and  the  M374A2E1  HE  Projectile. 

Recently,  new  81mra  HE  mortar  rounds  have  been  developed:  the  M82IE1  and 
M889E1.  These  items,  vhich  are  identical  to  each  other  except  for  the 
fuzing,  are  vei^  similar  to  the  M374  series,  except  for  a  lower  e>^losive 
wei^t  and  a  different  projechile  body  material.  These  rounds  were 
developed  to  itrprove  the  fragmentartion  (numbers  of  fragments  and  pattern)  of 
the  81mm  mortar. 

Use  of  intraline  distances  to  separate  these  items  during  production  is 
xonacceptable  if  design  production  rates  are  to  be  met.  The  cost  of  these 
new  81mm  rounds,  vhich  are  not  yet  in  production,  is  hi^  and  safe 
separation  distance  testing  typically  requires  25  confirmatory  tests  for 
each  cxanfiguration  with  a  donor  and  two  acceptors  to  obtain  the  50  data 
points^  necessary  for  statistically  acc^)table  distances  (i.e,  a  probability 
of  detonation  of  less  than  10%  with  a  confidence  level  of  at  least  .95) . 

This  is  in  addition  to  exploratory  testing  to  establish  a  starting  point  for 
the  confirmatory  tests.  These  rounds  were  being  "hand-produced”  at  the  time 
of  this  study  to  fulfill  other  testing  requirements.  Waiting  for  the 
necessary  number  of  rounds  would  have  necessitated  testing  at  a  much  later 
date,  possibly  iiipacting  set-i;p  of  the  production  lines. 


detailed  analysis  of  applicable  paraneters  is  presented  in  this  paper.  Ihe 
previously  established  M374  series  safe  separation  distances  are  presented 
along  with  drawings  and  descriptions  of  the  M374,  and  M821E1/M889E1  rounds. 

A  rationale  for  using  the  established  safe  separation  distance  for  the  newer 
rounds  is  developed. 

A  successful  analogy  and  application  of  previously  established  distances 
as  adequate  for  the  new  rounds  will  result  in  a  large  cost  savings  by 
avoiding  the  testing,  test  items  and  hai?dware,  and  engineering  labor  that 
would  have  been  required.  In  addition  establishing  the  safe  separation 
distance  at  this  time  will  avoid  a  late  irrpact  on  the  production  line 
"design" . 


ivn74  RERTR8  SAFE  SEPARATION  DISTANCES 

Previous  testing  conducted  on  the  M374,  M374A1  and  M374A2E1  81ram  HE 
mortars  in  various  configurations  is  detailed  in  references  1,  2  and  3.  Ihe 
configurations,  items  as  tested,  other  parameters  and  results  are  provided 
below.  Results  are  summarized  in  Table  1. 

M374  HE  Cartridge 

The  projectile  body  for  the  M374  cartridge  is  shown  in  Figure  1.  The 
projectile  body  is  identical  for  the  M374,  M374A1  and  M374A2E1.  It  was 
tested  in  the  vertical  position  with  and  without  2  inch  diameter  aluminum 
(6061  T6)  interrupter  bars  (Figure  2) .  The  M374  projectile  body  is  loaded 
with  2.1  lb  of  Ccsrposition  B.  The  safe  separation  distance  was  an  8  inch 
separation  with  the  2  inch  aluminum  bar  based  on  a  total  of  62  sartples 
(including  22  at  a  7  inch  spacing)  without  propagation  of  detonation.  The 
actual  test  configuration  was  connoted  without  the  2  inch  shield;  however, 
for  additional  safety  the  8"  distance  with  the  shield  was  utilized.  This 
coirresponds  to  a  probability  of  detonation  of  5.6%  at  a  95%  confidence 
level. 

M374A1  Projectile 

The  M374A1  projectile  body  as  ^own  in  Figure  1  was  tested  in  the  single 
item  and  72  projectile  pallet  configurations.  The  single  projectile 
configuration  simulated  the  transporting  of  items  in  the  vertical  position 
on  a  powered  link-belt  conveyor  (Figure  3) .  The  pallet  configumtion,  with 
72  projectiles  in  a  6  by  12  matrix  (with  0.83  inch  lateral  spaci^) 
simulated  transport  of  the  pallets  on  a  power  roller  conveyor  (Figure  4) . 
These  configurations  were  derived  from  Load,  Assemble,  and  Pack  (LAP)  eireas 
at  Milan  AAP.  The  M374A1  projectile  contains  2.1  lb  of  Corrposition  B. 

Results  obtained  for  the  single  projectile  resulted  in  an  approved  safe 
separation  distance  of  18  inches  between  items  with  no  shielding  and  for  the 
72  projectile  pallet  configuration  a  spacing  of  30  feet  unshielded. 

Fifty-three  data  points  were  obtained  for  the  "single"  projectile  and  52 
for  the  pallet  configuration,  resulting  in  probabilities  of  detonation  of 
6.6  and  6.7  percent,  respectively,  at  a  95%  confidence  level. 
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M374A7.E1  Ptx)iectile 


Figure  1  is  a  drawing  of  ths  K374A2E1  mortar  (projectile  boc^) .  Tests 
were  conducted  with  the  projectiles  in  a  horizont^  position  in  a  transfer 
pallet  and  two-inch  thick  alrradnum  (6061  T6)  ^^elds  4  inches  hi^  by  14 
inches  long  on  a  simulated  roller  conveyor,  as  shown  in  Figure  5.  This 
configuration  was  tested  to  verify  that  propagation  would  not  occur  on 
transfer  peillets  designed  by  Ingersoll-Rand  for  use  in  the  Automated 
Assembly  and  Packout  Line  at  Kansas  AAP.  The  operations  involved  were 
facing" of  the  fuze  well,  assembly  of  fuzes,  and  attaching  propelling  charges 
to  the  fin  housing.  Ihe  M374A2E1  is  loaded  with  2.1  lb  of  CXxtposition  B. 

Since  a  shielded  8  inch  spacing  for  the  M372  cartridge  in  the  vertical 
position  was  verified  previously,  these  tests  were  conducted  at  an  8.8  inch 
spacing  (the  additioncil  0.8  inch  to  accommodate  the  operational  heads  of  the 
work  station  equipment) .  Forty-four  tests  were  conducted,  yielding  88  data 
points.  This  corresponds  to  a  probability  of  propagation  of  3.9  percent  at 
a  95%  confidence  level. 

DESCKDPT3m  OF  THE  81trm  M821E1  AND  M889E1  HE  FmJEX^ITIES 


Ihe  M821E1  and  M889E1  projectile  body  is  shown  in  Figures  6a  and  6b. 

The  difference  between  the  two  is  the  M821E1  has  the  M734  multi-option  fuze 
vhile  the  M889E1  has  the  M935  point  detonating  fuze.  They  are  designed  to 
be  more  lethal  throu^  the  use  of  hi^  fragmentation  steel  with  an  expletive 
load  of  1.72  lb  of  Composition  B.  The  inerreased  lethality  comes  from  the 
production  of  more  fragments,  even  theu^  the  fragments  do  not  have 
increased  velocity.  Increased  fragmentation  results  in  a  hi^ier  prehability 
of  a  hit  at  a  given  distance. 

The  physical  differences  in  the  M821E1/M889E1  from  the  M374  series  are 
shown  in  Table  2.  The  new  rounds,  M823.E1/^89E1,  have  a  smaller  ej^lcsive 
load,  ^li^tly  thicker  casing,  and  a  longer  length  of  e>q)lcsive.  The  casing 
for  the  M374  is  1340  steel,  cold-worked,  vhile  the  newer  rounds  are  hi(^ 
fragmentation  steel  known  as  HFT.  The  production  of  more  fragments  and 
therefiore,  increased  lethality  is  due  to  the  casing  material  and  a  longer 
effective  Wcuhead  length. 

FATTryiATE  FTTR  M871E1/M889E1  SAFE  SEPARATION  DT8TANCE 

Propagation  between  cased  rounds  vhen  sepeirated  an  air  space  is 
caused  primarily  by  fragment  inpact.  The  blast  pressure  alone  will  not 
result  in  propagation  since  there  is  an  air  space  between  mortaur  rounds. 

This  is  sufficient  to  prevent  crushing  of  the  item  vhich  could  initiate  the 
acc^jtor  round.  The  tests  of  the  M374  series  mortar  verify  this  fact. 

Also,  the  shield  inpact  on  the  aoo^jtor  did  not  cause  propagation.  In  the 
ca^  of  the  new  M821E1/M889E1  mortars  propagation  will  not  occur  due  to 
shield  impact.  The  lower  explosive  wei^t  will  mean  a  lower  velocity  for 
the  shield  and  the  casing  of  the  M82IE1/M889E1  is  thicker,  thus  it  can 
absorb  more  energy  before  deforming  encu^  to  crush  the  explosive  and 
initiate  the  explosive. 
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Ihe  rationale  presented  herein  will  address  the  fragments  produced  by 
the  donor  round  and  will  shew  that  since  prepagation  (within  acceptable 
statistical  criteria)  did  not  occur  for  the  spacings  and  configurations  of 
the  M374  series,  it  will  not  occur  for  the  M821E1/M889E1  with  the  same 
spacings  and  configurations. 

Terminal  Effects  Data  for  the  M374A2  81rnra  mortar  was  obtained  from  the 
Joint  Munitions  Effectiveness  Manual  ( JMEM) .  This  data  is  generated  from  a 
series  of  arena  tests,  and  is  the  same  for  the  M374,  M374A1  and  M374A2E1 
since  the  warhead  is  identical.  Terminal  Effects  Data  for  the 
M821E1/M889E1,  not  yet  published,  was  also  obtained.  In  an  arena  test,  an 
item  is  detonated  horizontally.  Fragments  are  collected  in  panels  in  a  180° 
arc  firm  the  nose  to  the  tail.  This  arc  is  divided  into  polar  zones. 
Fragment  wei^ts  are  recorded  and  velocities  measured.  Symmetry  of  the 
round  is  assuired.  Data  is  then  entered  into  an  established  program  vhich 
generates  the  fragment  data  for  the  entire  item.  This  data  is  used  to 
determine  an  item's  effectiveness. 

In  studying  the  Terminal  Effects  Data,  it  can  be  seen  that  the 
M821El/]yB89El  is  indeed  more  effective.  With  the  use  of  hi^  fragmentation 
steel  (HFl)  more  fragments  are  produced  with  a  smaller  ej^jlosive  fill,  1.72 
lb  of  Conposition  B  versus  2.1  lb  for  the  M374.  This  greater  number  of 
fragments  are  also  produced  in  zones  more  likely  to  insult  in  a  hit.  This 
is  ^e  to  the  shape  of  the  new  mortar  projectile. 

The  M374  series  warhead,  vhich  wei^is  5.05  lb,  produces  30,913  grains, 
or  4.4  lb,  of  fragments.  The  M821E1/M889E1,  wei^iing  5.90  lb,  produces 
34,322  grains,  or  4.9  lb,  of  fragments.  The  number  of  fragments  frm  the 
M374  is  2,811,  vhile  the  M821E1/M889E1  produces  6,432.  The  largest  fragment 
produced  by  the  M374  is  155  grains  and  for  the  I^21E1/M889E1  it  is  143.5 
grains,  but  more  iirportantly  the  size  of  the  fragments  are  smaller  for  the 
new  mortar  rourxi.  From  Table  3  it  can  be  seen  that  for  the  I®21E1/M889E1  a 
hi(^er  percentage  of  the  fragments  are  in  the  smaller  size  range.  Thus, 
more  than  twice  the  nuinber  of  fragments  is  produced  at  the  expense  of  th^ 
fragment  weii^ts.  Since  the  energy  associated  with  the  fragment  is  l/2M\r, 
smaller  fragments  have  less  energy  at  the  same  velocity. 

The  peak  velocities  of  the  fragments  from  the  M821E1/IK89E1  are  lower. 
The  largest  velocity  for  the  M374  is  2125  iVs  (6,972  Qjs) ;  for  the 
M821E1/M889E1  it  is  1689  iiv/s  (5,540  :^)s) .  Hi^er  velocities  from  a 
particiilar  round  are  associate  with  the  smaller  fragments.  Table  4, 
velocities  of  the  two  new  mortar  rounds  by  zone,  ^ows  that  the  r^w  rounds 
do  not  produce  maximum  velocities  as  higi  as  the  M374.  The  new  rounds  do 
have  higier  velocities  at  the  nose  and  near  the  tail  of  the  projectile; 
however,  since  propagation  of  the  M374  acceptors  did  not  occur  at  velocities 
near  7,000  Qjs,  it  will  not  occur  at  velocities  less  than  half  of  that. 

Also,  these  fragments  are  not  hitting  at  normal  angles  as  are  those 
emanating  from  the  center  of  the  round.  Frcan  the  above  rationale,  it  can  be 
seen  that  the  new  rounds  f(B21El/I^89El  produce  fragments  vhich  are  generally 
smaller  in  size  with  lower  velocities. 
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Analyzing  the  fragment  mass  distribution  frcsn  Table  3  shews  that  for  the 
M821E1/MB89E1  98  percQit  of  fragments  wei^  less  than  25  grains.  For  the 
M374,  98.5  percent  of  fragments  wei^  less  than  100  grains.  Thus,  taking 
these  cis  the  maximum  fragment  wei^ts,  and  utilizing  the  maximum  velocities, 
the  a^ociated  energies  for  the  M374  and  l©21El/tK89El  are  10,802  and  1,705 
ft-lb,  respectively.  This  does  not  happen;  therefore,  ve  can  say  that 
fragments  frrcci  the  new  rourds  will  have  kinetic  energies  less  than  the  M374. 

Since  propagation  did  not  oexaar,  within  statistically  acceptable  limits, 
with  the  M374  series  mortars,  the  same  safe  separation  distances,  with 
identical  configurations/shielding,  can  be  applied  to  the  M821E1/I<B89E1 
mortars. 


cmciLBic^s 

"Ihe  M821E1/1©89E1  mortars  produce  more  fragments  but  with  smaller  size 
and  generally  lower  velocities. 

■propagation  between  M821E1/M889E1  81rtm  mortar  rounds  will  not  occaar, 
within  the  acceptable  statistical  limits  previously  mentioned,  vhen  in 
the  same  configuraticn/shielding  as  the  M374  series  81mm  mortar. 
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TABLE  1.  Approved  Safe  S^)aratic3n  Distance  for  the 

Slmra  Mortar 


Item 

Ctonfiouration 

Shield 

Soacina 

M374 

Single  cartridges  in 

vertical  position  in 

holding  fixture 

2  inch  diameter 

ciluminum  bars 

8  in 

M374A1 

Single  projectiles  on 

simulated  link-belt 

conveyor 

None 

18  in 

M374AJL 

Transfer  pallet  with 

6  X  12  matrix  of  72 

projectiles 

None 

30  ft 

M374A2E1 

Single  projectiles  in 

horizontal  position 

in  transfer  pallet  on 

conveyor 

2  in  thick  x  4  in 

high  aluminum 

8.8  in 
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TABLE  2.  Ccatparison  of  Slinm  Mortar  Projectile 
Design  Parameters 


Ej^losive  Fill 


M374 

Ccaiposition  B 


M82 1/889 
Coiiposition  B 


E>^losive  Weii^t,  lb  2.1  1.72 

Casing  Thickness,  in.  0.220  0.260 

(at  center  of  round) 

Maximum  Casing  0.235  0.290 

Thickness,  in. 

Length  of  Explosive  8.37  8.87 

Fill,  in.  (approximate) 
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TABDE  3  .  Fragment  Mass  Distribution 


Percent 

Percent 

Mass  Interval, 

M374 

of  Total 

M821E1/ 

of  Total 

caains 

M889E1 

0.5  - 

1.00 

390 

14 

817 

12.5 

1.00  - 

2.00 

552 

19.5 

1601 

25 

2.00  - 

8.00 

964 

34.5 

2929 

45.5 

8.00  - 

10.00 

147 

5 

363 

5.5 

10.00  - 

25.00 

437 

15.5 

591 

9 

25.00  - 

35.00 

127 

4.5 

65 

1 

35.00  - 

50.00 

98 

3.5 

25 

<1 

50.00  -  100.00 

59 

2 

14 

<1 

Over  100. 

00 

37 

1.5 

27 

<1 

TCrCAL  FBNSmnS 

2811 

6432 

564 


TABLE  4. 


Velocity,  V^,  of  Fragments  for  Slram  Mortars,  ^)s 


ZCWE 

DEGREES 

M374 

M821/889 

1 

0  - 

2.5 

— 

3880 

2 

2.5  - 

7.5 

- 

3150 

3 

7.5  - 

12.5 

- 

3070 

4 

12.5  - 

17.5 

1326 

2250 

5 

17.5  - 

22.5 

- 

2570 

6 

22.5  - 

27.5 

1490 

3170 

7 

27.5  - 

32.5 

1591 

2650 

8 

32.5  - 

37.5 

- 

2430 

9 

37.5  - 

42.5 

2198 

3120 

10 

42.5  - 

47.5 

2251 

2730 

11 

47.5  - 

52.5 

2054 

3360 

12 

52.5  - 

57.5 

2444 

3200 

13 

57.5  - 

62.5 

3160 

4090 

14 

62.5  - 

67.5 

4006 

4430 

15 

67.5  - 

72.5 

4164 

4570 

16 

72.5  - 

77.5 

4433 

4700 

17 

77.5  - 

82.5 

4705 

4840 

18 

82.5  - 

87.5 

4987 

5340 

19 

87.5  - 

92.5 

5204 

5300 

20 

92.5  - 

97.5 

5105 

5430 

21 

97.5  - 

102.5 

5834 

5540* 

22 

102.5  - 

107.5 

6605 

5440 

23 

107.5  - 

112.5 

6322 

4940 

24 

112.5  - 

117.5 

6972* 

4650 

25 

117.5  - 

122.5 

5732 

4310 

26 

122.5  - 

127.5 

4210 

3480 

27 

127.5  - 

132.5 

3543 

4150 

28 

132.5  - 

137.5 

2795 

3650 

29 

137.5  - 

142.5 

2247 

2310 

30 

142.5  - 

147.5 

1578 

2430 

31 

147.5  - 

152.5 

1716 

1510 

32 

152.5  - 

157.5 

1755 

1870 

33 

157.5  - 

162.5 

1601 

1530 

34 

162.5  - 

167.5 

1545 

1420 

35 

167.5  - 

172.5 

1440 

1370 

36 

172.5  - 

177.5 

1263 

1210 

37 

177.5  - 

180.0 

- 

1130 

*Maxiinum  Velocity 
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FIGURE  1.  Projectile  Body  for  8lmm  M374  Series  HE  Mortar 
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FIGURE  2.  Configuration  for  Safe  Separation  Distance  of  Slmra 
M37^  HE  (Comp  B)  Cartridge 
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FIGURE  3.  Safe  Separation  of  "Single  81mm  H37^A1  Projectiles  on 
Simulated  Link  -  Belt  Conveyor  - 
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FIGURE  4.  Safe  Separation  of  8lmm  M374A1  Projectile  Pallets  on  Simulated 
Power  Roller  Conveyor. 


FIGURE  5.  Safe  Separation  of  Slrnin  M37^A2E1  Projectiles 
on  a  Simulated  TransferlEallet . 
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notes: 

1.  SPEC  l«L-A-25iO.«SITI«i-l973  *NO  ML-tTO-t  APPlt. 
i.  SURFACE  FINISH  TO  K  *^Aa  OVER.  EXCEPT  AS  NOTED. 

S.PIKVIDe  SMOOTH  tLENO,  1.0  N  WITH  UC  R. 

4.  surface  to  tE  flush  or  KLOW  S.ITZ-.OOS 
kurrelet  Diameter. 

5. AS  FORMED  FINISH  ACCEPTADlE  IN  CAVITY. 

»,  material  AJC  mechanical  properties  described  «  SCOPE  OP  WORK. 
USE  OFSTRANO  cast  steel  permitted  IN  accordance 
with  REOUIREMENTS  of  HIL-S-7070Si  CLASS  Z  OR  ZE, 
TYPE  A. 

7.  MEAN  WEIGHT  BASED  ON  MEAN  DIMENSIOHS.  WEIGHT 
TOURANCE  NOT  equivalent  TO  DIMENSIONAL 

tolerance,  control  diuensiohal  tolerances  to 

BRINS  BOOT  WITHIN  WEIGHT  TOLERANCE.  T" 

I.  STAMP  WITH  LETTERS  AND  FIGURES  .US  HIGH  *1  M  1 7SI-  L 

deep,  ammunition  lot  number  per  MIL-STD'IISB,  ‘i 

caliber.  ANO  designation  OF  PROUCCTILC.  1 

S.TME  BODIES  FABRICATED  ST 

FORGING  SMALL  BE  HEAT  TREA TED  _ 

UNIFORMLT  to  MEET  THE  '  ' 

REOUIRED  MECHANICAL  PROPERTIES,*^  DIAwLIMW  ’P”* 
NO  WORK  INVOLVING  PLASTIC  FLOW  IPITCH  piAPlOeTS-EKMTI-C 
PERMITTED.  UNLESS  FOLLOWED  MINOR  OIAX  L0SS4  MAX 
BT  STR  ESS  RELI  EF. 

IO.OIMENSIONS  INDICATED  BY  ^  YD  BE  CONYROLLED 
BY  TOOL  manufacturer  ANO  SHALL  IE  GAGED 
at  SPECIFIED  PETUOOS. 
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FIGURE  6a.  Projectile  Body  for  the  8lmm  M821E1/M889E1  HE- Mortar 


FIGURE  6b.  Body  Loading  Drawing  for  the  81mm  M821E1/M889E1  HE  Mortar. 


